Evaluation of dermal tissue regeneration using resveratrol loaded fibrous matrix in a preclinical mouse model of full-thickness ischemic wound.
The complete loss of dermal tissue due to ischemia is a serious challenge facing clinicians. Frequently, the failure of wound healing is due to ischemic conditions prevailing at the site of damaged tissue. Restoration of lost vasculature at the ischemic site can be achieved by supplementing proangiogenic stimuli through an engineered scaffold mimicking dermal extracellular matrix. Towards this objective, we have developed an electrospun scaffold loaded with the pro-angiogenic molecule resveratrol. The physical and chemical changes in the polymeric scaffold before and after loading of resveratrol were characterized using field emission scanning electron microscopy (FE-SEM), Fourier-transform infrared spectroscopy (FT-IR), differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), coherence scanning interferometry (CSI) and X-ray diffraction (XRD). A sustained release of resveratrol from the scaffold was elucidated by UV-spectrophotometer analysis. The enhancement in cell-matrix interaction was studied using human umbilical vein endothelial cells (HUVECs) seeded on the scaffolds. The biocompatibility analysis of resveratrol loaded scaffolds was evaluated through a subcutaneous implantation study in mice. The therapeutic potential of resveratrol loaded scaffolds to accelerate tissue repair was analyzed in a full-thickness ischemic wound model in mice. Wound closure and H&E staining analysis showed rapid closure of ischemic wound area and re-epithelialization in resveratrol loaded scaffold treated groups compared to collagen and negative control groups. The immunostaining analysis further revealed the activation of thioredoxin-1 (Trx-1), heme oxygenase-1 (HO-1) mediated vascular endothelial growth factor (VEGF) signaling in resveratrol loaded scaffold treated group. The expression of Bcl-2 in healing wound edges post-treatment with resveratrol loaded scaffold confirmed the anti-apoptotic effect mediated by resveratrol. From this study, we explored a synergistic effect mediated by resveratrol and fibrous scaffolds to aid the ischemic wound healing process through effective vascularization.